At a workshop on 7-8 November 2018 the leaders of 26 advanced vaccinology courses met to carry out an extensive review of the existing courses worldwide, in order to identify education gaps and future needs and discuss potential collaboration. The main conclusions of the workshop concerned: opportunities for strengthening and expanding the global coverage of vaccinology training; evaluation of vaccinology courses; updating knowledge after the course; how to facilitate post-course 'cascade' training; developing and sharing best practices; the application of online and innovative approaches in adult education; and how to reduce costs and facilitate wider access to vaccinology training. The importance of collaboration and information exchange through networks of alumni and between courses was stressed. A web platform to provide information about existing courses for potential applicants is needed. Lack of sustainable funding is a constraint for vaccinology training and needs to be addressed.
Introduction
In response to the need for specialized training in vaccinology worldwide, in 2000 the ADVAC program was launched as a partnership between the University of Geneva and the Mérieux Foundation. Since then, ADVAC has organized annual international training courses in advanced vaccinology (hence the acronym), and several other organizations in various countries have also provided training in advanced vaccinology. Some authors have flagged the importance of vaccinology training and remaining gaps and underlined the need for synergies between courses [1] [2] [3] . Yet there had not been any assessment of the collective impact of these programs, or any attempt to organize formal international collaboration. Hence ADVAC took the lead and organized a workshop to review, with leaders of current vaccinology courses, the current status of advanced vaccinology training around the world and its future development (Annex 1).
The workshop was held on 7-8 November 2018 at the Les Pensières Center for Global Health in France. It brought together the leaders of 26 vaccinology courses (listed in Annex 2) representing 14 global, 8 regional/sub-regional, and 4 national programs. A total of 39 vaccinology courses had been identified via an internet search, by the ADVAC scientific committee and through word-ofmouth. The leaders of 27 courses were invited to participate in the workshop, of whom 26 attended. In the selection, preference was given to currently available courses, geographic diversity, and low-and middle-income country representation. For the purpose of this workshop, infectious disease and pre-degree courses, courses focused on a single topic, e.g. vaccine safety or on basic on-the-job training, and periodic vaccinology conferences and symposia were not included. In preparation for the workshop, representatives of the 26 courses completed a standard questionnaire covering the content of their course, its format, periodicity, participants, funding, and other parameters (see Annex 3) . A detailed analysis of this information will be the subject of a separate publication.
The workshop consisted of plenary discussions facilitated by introductory presentations (see Annex 4) ; this article reports the key points from the presentations and the outcome of the group's discussions. 
Objectives
The specific objectives of the workshop were to: perform a landscape analysis of the existing vaccinology courses, focusing on advanced training; examine the organizational and financial structure of vaccinology training globally; define target audience (s), education gaps and future needs; consider how best to facilitate post-course 'cascade' training; identify best practices for vaccinology training; promote the use of modern educational best practices and technologies to optimize training; examine options to reduce costs and facilitate wider access to training materials; and explore opportunities for collaboration and synergy between training programs.
Overview of existing vaccinology courses
Global vaccinology-specific courses began around the turn of the century, with limited increase in the number of courses until 2006, since when there has been a steady increase. As of mid-2018, almost 9500 trainees had attended in-person courses represented at the workshop, and 9800 had taken one of the online courses. The courses varied in their target audiences, objectives, content, format, length and periodicity. Of the 26 courses, 14 represented at the workshop addressed global audiences and 12 were provided for regional/sub-regional or national participants. Geographically, access to vaccinology courses was very uneven, with large gaps in several parts of the world, particularly countries in the Middle East and eastern European regions. Most courses were designed for public health personnel at the graduate, postgraduate or continuing education levels. The breadth and depth of the course contents appeared to vary substantially. The courses represented were either MSc or short post advanced degree courses. The majority (23/26) were in-presence courses that include lectures, workshops, case studies, and exercises and, for some, homework and site visits. The others were online courses using e-modules (one with a blended approach including discussion groups). The duration of short in-presence courses varied from 3 days to 2 weeks; most were held annually, others biennially. There was high demand as illustrated by the number of applicants for courses. As courses serve a range of audiences, from vaccine developers to policy makers, the course content is variable. Most courses are designed for in-service candidates but some provide pre-service training.
Most in-presence courses have selection criteria for applicants. Some, but not all, of the national and online courses also select their participants. Wide access, without candidate selection, is more common with the online courses. For university or other formal continuing education, accreditation exists for some courses, particularly those within a university degree course, but whether accreditation is available for all courses was not clear.
Most courses are conducted in English, which excludes participants from many countries. More courses available in French, Russian, Mandarin Chinese, Spanish and other languages are needed. In many settings language barriers also preclude any 'cascade' training to disseminate knowledge to other personnel involved with immunization programs. It was considered that having training modules available in appropriate languages could encourage more post-course cascade training and might also encourage vaccinology content in undergraduate medical, nursing and other relevant course curricula.
It was noted that, regrettably, medical and nursing degree curricula generally do not include much, if any, vaccinology content, or provide outdated inaccurate information. The lack of vaccinology training in large areas of the world is also of great concern, as in the regions noted above and in many low-and middleincome countries. Post-course training activities were carried out in 12 of the represented courses, and alumni networks were set up in only 9 courses. Interaction and networking with other participants from different backgrounds was a highly valued feature for several of the courses.
Funding for the organization of courses and the participation of trainees is problematic for most courses, particularly for inpresence training. Currently most funding is provided by the Bill & Melinda Gates Foundation, private industry, and registration fees. There is very little financial support from governments. Some courses offer fellowships to support the participation of trainees, in particular from low-and middle-income countries. Recruitment and availability of lecturers and tutors, and logistic factors for participants, are additional constraints.
During discussion of this overview the following points were noted. It was considered that more evaluation of courses, including the tutors, would be helpful. The need for course networking, collaboration and structured education in vaccinology was emphasized. Innovative approaches to reduce costs and facilitate course delivery are needed, such as 'hybrid' courses combining inpresence and on-line content, and 'travelling' courses whereby the same or similar courses are given sequentially in different countries/regions by the same tutors. If funding from private sector sources is considered/received, particularly from vaccine manufacturers, this needs to be arranged in a transparent manner and with safeguards to exclude conflicts of interest.
Current and future needs in vaccinology training
From the public health perspective, vaccinology training is needed to promote the appropriate use of vaccines (appropriate schedules, target groups and vaccine products) and optimize the effectiveness of immunization programs (appropriate vaccination strategies, increased coverage and demand, avoidance of adverse effects due to program errors, etc.). The group agreed that national immunization programmatic decisions must take into account numerous factors and this requires a high level of technical knowledge in addition to understanding of the local setting, including awareness of the national legal and funding framework for vaccination. Although the latter cannot be covered specifically in global or regional courses such courses can underline the importance of such knowledge. Communication skills are also necessary to convey targeted accurate information about vaccines and their impact, including effectiveness and safety, and promote trust among all sectors of the population. Health-care workers need to be well prepared to respond to questions from vaccinees, parents, and those who are vaccine-hesitant. Regular updating is essential as programs face changing situations (introduction of new vaccines, inclusion of new target groups as expected in life course vaccination, changes in vaccination coverage, disease outbreaks, antimicrobial resistance, humanitarian crises), the increasingly high rate of turnover of immunization program managers in many countries, and the need to counteract misinformation from anti-vaccine organizations and individuals. Hence the need for access to advanced vaccinology courses globally, regionally and nationally continues and is likely to grow.
Biotechnology companies which bring innovative methods for the design and production of new vaccines require understanding of the disease burden and vaccine landscape, and collaboration with vaccinology experts. The design of new vaccines involves assessment of the key features that a vaccine should have in order to meet safety, immunological and efficacy requirements, and the balance between them. There is a need for tools to predict the human response and the influence of the host and the environment, and innovative ways to simplify the regulatory pathway for new vaccines. Networking and collaboration are necessary to achieve these objectives. Advanced vaccinology courses can increase the breadth of knowledge needed to optimize this thinking within industry.
For the development and introduction of new vaccines, manufacturers rely upon well-trained local scientists who can generate local data for evidence-based decision making and understand the entire process of development, registration, introduction and distribution, particularly in low-and middle-income countries. Participants agreed that there is a need for more vaccinology training programs in those countries and more technology transfer in order to enhance this process. Guidance is needed on local preclinical and clinical vaccine assessment, and the preparation of dossiers for approval of trials as well as regulatory requirements for post-licensure surveillance of the new products.
During discussion there was consensus on the following general points: need for education about vaccines at all levels from highschool children to university under-and post-graduates (including health-care workers, regulators and vaccine industry staff), and the importance of collaboration between industry, academia and public health.
It was agreed that a set of rules of engagement in vaccinology courses for different stakeholders, with regard to potential conflict of interest, would be helpful. A system for certification of the approved basic content of courses should be set up. The importance of networking was stressed, both between courses and between alumni, bringing added value in shared knowledge and expertise. The content of courses should be based on routine needs assessments and tailored to meet the specific needs of the trainees and the context; courses should include basic scientific knowledge about vaccines and relevant technical competences linked to provide a holistic perspective. Regulators should be involved in vaccinology training, and concerted action is needed to have vaccinology modules included in medical, paramedical, pharmacy, midwifery and nursing curricula. The financial sustainability of training courses is an ongoing challenge, particularly in the context of planning for the future work force. Efficient coordination of global vaccinology training activities would require management by a secretariat; however, this would depend on commitment and assured funding.
There was agreement on the following specific points. Courses and training materials, including those for post-course cascade training, are needed in different languages in addition to English, and training materials must be kept up-to-date and revisions noted. Short courses are necessary, and in demand, for professionals who have very limited available time. The importance of effective communication for the success of immunization programs, and the need to include media training in vaccinology courses, were stressed. Ways to reach wider audiences effectively and efficiently need to be explored, including online distribution of elearning materials, and encouraging post-course trainees to act as sources of reliable information and advocacy for vaccination. The existence of currently available courses should be made more widely known. Collaboration with industry was encouraged (how best to benefit from the link needs to be considered) and arrangements such as multi-company funding could be applied in situations where funding by a single company may be problematic.
Innovation and best practices in continuing adult education
Instructional design approaches for effective learning have been identified and applied extensively in continuing medical and health science education. Lessons learnt from successful continuing education programs for adults should be considered in the design, content and conduct of vaccinology courses [4] [5] [6] .
Factors in the success of continuing education programs include: a practice-based needs assessment; the use of interactive learning methods; ongoing (longitudinal) learning activities; content which is relevant to the learner's practice; learning activities that address barriers to practice; and commitment to change. Predisposing (finding out about the trainees in advance), enabling (reference to practical applications) and reinforcing (reflective exercises, follow-up interviews and reminders, feedback) can enhance the impact of training courses [7] [8] [9] . The generally accepted principles on which best practice in continuing adult education, and criteria for accreditation, are based include assessment of learning needs, measurable outcomes, inclusion of 25% active learning, and evaluation based on stated outcomes. Scientific evidence shows that adults are more likely to learn if the course is relevant to their work and focused on problem solving, and if they are actively involved, value previous experience, retain responsibility for their learning, and if they have opportunities to interact with their peers and apply what is learned [4] [5] [6] 10] .
Innovative approaches to adult education, coupled with a range of online distance learning tools which can be designed for the general public or for specific audiences, can increase and extend learning opportunities. Distance-learning strategies are becoming widely applied in continuing adult education, and could be adopted more extensively in global vaccinology training [11] .
The advantages and opportunities of distance-learning include: flexibility for students; saving time and travel costs; adaptability for niche subject training worldwide; absence of time constraints allowing deeper learning; can be automated; can enable easy interaction between students and tutors; can facilitate collaborative work and easy updating of content and activities. A wide range of information technologies (IT) tools and platforms are available, some at little or no cost; others at higher costs. However there are challenges associated with distance-learning, including: the need for adequate IT competence by tutors; understanding of the different role for tutors who must accept shared control with other professionals; dependency on the IT system and internet bandwidth and stability; staying focused on teaching goals (IT is only a tool); keeping students interested and involved; keeping tutors motivated; adaptation of exams and control of students during exams; and as the online environment even when dedicated and password secured, is not necessarily secure and comments could potentially be accessed and misused, e.g. by anti-vaccine groups. The cost of distance-learning depends on the technology used and the intensity of tutoring.
In discussion it was concluded that for course format, the best option, if feasible, would be a combination of in-class training with distance-learning components, and that the presence of the tutor is essential. This blended approach is preferred by both tutors and students. Such courses could also enhance both in-class learning and post-course cascade training.
Evaluation of vaccinology courses and participation
Advanced vaccinology courses serve several main groups: graduate and post-graduate students; practicing health-care professionals such as immunization program managers, field staff, physicians, nurses and pharmacists; and those who develop and implement policy, in particular National Immunization Technical Advisory Group (NITAG) members. In discussing whether existing courses meet the needs of these specific audiences, several gaps were noted. Currently there is insufficient follow-up and impact assessment of courses, and evaluation of participants and tutors. It is unclear at which stage after the course its impact can be optimally assessed and this should be given more consideration. Longterm follow-up is difficult and expensive, and for short courses impact is difficult to measure. Accreditation by universities for within-course vaccinology modules is valuable but not always provided and should be encouraged [8, 12] .
An electronic evaluation tool is used by some courses. Such a tool, if accessible to other courses, could assist and improve the evaluation of vaccinology courses, and encourage systematic evaluation of all courses. The tool would need to be sufficiently flexible to adapt to different circumstances and needs, and the method/format scientifically sound and useful. Evaluation would provide useful feedback after courses, including lessons to learn from any unsuccessful courses.
There is a need to encourage participants from countries from which currently there are no applicants for vaccinology training, and to develop courses and training materials in different languages in addition to English. In many low-and middle-income countries there is a lack of well-trained local scientists who could support technology transfer, vaccine development and program operations. Participation of NITAG members and staff from regulatory authorities should also be encouraged. If online advertising of courses is used, a minimal set of necessary information for applicants needs to be ensured.
Recruitment of participants is done in various ways (referrals, through alumni, word-of-mouth, print and online course marketing). Communication by word-of-mouth tends to generate more applications from the same countries and institutions. More involvement of immunization partners (WHO, academic institutions, other networks such as the Global NITAG Network) should be encouraged. However, balancing oversubscription and attraction of new participants needs to be considered. Some participants attend several vaccinology courses, and some former participants request to attend the same course again, which if permitted may limit access for new participants.
Updating knowledge after the course
As developments in biological and medical sciences bring new knowledge, they also bring new challenges for alumni of vaccinology courses. Alumni need to be aware of advances in relevant research and new applications of vaccination in disease control and medical practice. The field of vaccinology is extending from its traditional focus on infectious diseases to include vaccination in the management of a range of chronic non-communicable conditions, and the application of vaccination to reduce the use of antibiotics in order to limit the global impact of antimicrobial resistance. Counteracting vaccine hesitancy by effective communication of accurate information, especially on vaccine effectiveness and safety, is increasingly important but few current courses address this topic. Frequent updating is essential but less than half of courses have a strategy for post-course updating. To increase the dissemination of up-todate knowledge about vaccinology, more use could be made of online options and alumni networks. Repeat attendance at a global course is not necessarily the most efficient approach.
The importance of maintaining the involvement of alumni after the course was stressed in several sessions. Alumni networks play an important role in ongoing education and should be further developed. Networking between alumni from different courses would be an important asset, and possible mechanisms for this purpose should be explored. It was noted that linking the alumni effectively would require time but need not be expensive if networking is organized back-to-back with scientific and other meetings.
Current and potential sources of online information on vaccinology include MOOC (massive open online course) offering free access and interactive participation, other updated courses, permanent access online to updated resources, alumni associations that share information, and attendance at meetings/workshops. The use of recorded lectures may be considered, but public sharing of lectures online would require attention to the rights of the authors. Responsibility for organizing/facilitating post-course training and information exchange is not currently defined or organized. Postcourse support could include international workshops, clear identification of available specialized courses, global sharing of online resources, and access to communication tools and professionals. Funding is necessary for some of these options, and may present a barrier for alumni who wish to attend another vaccinology course. Peer support, coaching and mentoring, and online practice laboratories are helpful in keeping alumni engaged and involved after a course.
Alumni face a number of challenges in their efforts to update their knowledge. They have limited time and availability outside the work schedule, and funding may be problematic. The current vaccinology courses and materials may not cover all of the desired topics, or even 'hot' topics. A vast amount of information on vaccines is available online but it can be difficult to find what is wanted. To facilitate post-course learning, courses should teach the participants how to look for information efficiently.
Opportunities for collaboration between vaccinology courses
During this discussion session, there was agreement that there is a definite need for a webpage (e-Portal) listing all existing advanced vaccinology courses worldwide to provide information for those seeking advanced vaccinology training. Standardized information for all relevant courses worldwide (graduate and post-graduate courses) should be provided by each course organizer and kept up to date, with date of latest checking/updating noted. The information should include the location, dates, summary of the objectives and content, and a link to the course website. The site should be easy to find by online search via key words (including vaccinology, vaccines, immunization training, vaccinology training).
There was strong support for the establishment of a network to link vaccinology courses worldwide, in order to facilitate contact, information exchange and collaboration. The network should be sustainable and flexible, with a secretariat and information exchange platform to coordinate and move forward the agreed actions. Short and long term goals should be defined and a roadmap prepared. Guidelines for courses should be developed, based on a needs assessment and with elements that are useful for different target audiences. Opportunities should be sought for sharing of tutors and delivering the same or similar courses in different countries. Training of trainers could be facilitated by guidelines on how this cascade training should be done.
Initially, the network could be set up informally with rotation of the focal point to facilitate interaction, and involvement of volunteers who contribute to the work. Coordination and collaboration could be facilitated by regular contact between course leaders through periodic teleconferences/webinars, e.g. every six months, to update participants on new developments and challenges, and annual or biennial meetings of course leaders if funding permits.
Once established and functioning, the network would require dedicated staff and assured funding to manage and maintain the network's website. Arrangements for more sustainable funding than presently exists for vaccinology training need to be identified and explored.
Conclusion
The workshop succeeded in carrying out an extensive, though not exhaustive, review of current training in advanced vaccinology.
Needs and opportunities were identified for strengthening and expanding the global coverage of vaccinology training, developing and sharing best practices, and the application of online and innovative approaches in adult education. The importance of collaboration and information exchange through networks of alumni and between vaccinology courses was stressed together with the need to provide useful information about existing courses for potential applicants. Encouraging candidates from under-represented regions and countries was recognized as a priority, and the need for training materials in different languages. Creation of a web platform for information about available vaccinology training was proposed and strongly supported. Lack of sustainable funding is an ongoing constraint for vaccinology training and needs to be addressed. 
